Summary: The present study attempted to clarify the characteristics of the guttural pouch mucosa in equines and to evaluate its foreign substance clearance ability. The specimens were collected from nine regions (eight in the guttural pouch mucosa, and one in the nasopharynx mucosa). We first examined the pouch mucosa by light and electron microscopy. We then measured the frequency of goblet cells per 200 epithelial cells, the length of the cilia, the thickness of the epithelial cell layer and lamina propria and statistically analyzed the data. The guttural pouch mucosa consisted of stratified columnar epithelia with brush-like cilia, and there were almost no histological differences between adults and foals. The morphometrical study revealed significant differences in goblet cell frequency (p<0.001) and the thickness of lamina propria (p<0.05). By contrast, no statistically significant difference was detected in the length of the cilia or the thickness of the epithelial cell layer. These findings suggest that the guttural pouch mucosa provides foreign substance clearance ability, but that its ability varies among different regions of the epithelium.
The guttural pouch (auditory tube diverticulum) is found only in equines and tapirs (both solipeds) and is an extension of the auditory tube (Skoda, 1911; Sisson, 1975; Freeman, 1991; Baptiste et al., 1994 Baptiste et al., , 1996 Sasaki et aL, 1999) . The pouch is subdivided into left and right chambers by a septum. Each pouch extends along the tubal cartilage and connects with the middle ear (cavum tympani). The pouch opens to the cavity of pharynx through the pharyngeal ostium of the auditory tube.
The horse is the only domesticated animal that has a guttural pouch. Little literature is available regarding its structure, and its function is not accurately known. The function of the guttural pouch is thought to be to facilitate swallowing action by complementing the narrow pharyngo-laryngeal cavity as the open space of the pouch (Skoda, 1911) and to cool the blood inside the adjacent internal carotid artery with air taken in through the pharyngeal ostium of the auditory tube, thereby protecting the brain from hyperthermia (Baptiste, 1998) . Previous histological observations have revealed the presence of cilia and numerous goblet cells over the mucosal epithelia of the guttural pouch. This indicates that the guttural pouch has the ability to remove foreign substances (foreign substance clearance ability) (KOnig, 1984; Freeman, 1991; Rooney, 1997) .
The purpose of the present study was to histologically determine whether the foreign substance clearance ability is uniform throughout the mucosa of the guttural pouch. In addition to examination of the histological characteristics of the mucosa, we morphometrically measured the frequency of goblet cells, the length of the cilia, and the thickness of the epithelium and lamina propria, and analyzed whether there were significant differences among the regions.
Materials and Methods

Animals
Four adult female horses (9 to 11 years old) and three foals (one male and two females, 138 to 172 days old) were used in this study. The animals were humanely euthanized after being used for other experiments, i.e., they were anesthetized by intravenous injection of a mixture of 2 g sodium thiopental (Ravonal®; Tanabe Seiyaku Ca, Osaka, Japan) and 100 mg suxamethonium chloride (Succine®; Kyorin Pharmaceutical Co., Tokyo, Japan), and subsequently sacrificed by incising the left common carotid artery. After removing the head along the occipito-atlantal joint, it was opened by a midline incision from the transition between the head and neck to the end of the maxillary recess. Two vertical incisions were then made toward the bottom of the left and right guttural pouches to expose the internal pouch. We checked the mucosa to ensure the absence of lesions due to infection and/or tumors. For histological observations, we divided the guttural pouch mucosa into eight regions: C) pharyngeal ostium of the auditory tube, (2) antero-ventral wall of the guttural pouch lateral recess, S postero-superior wall of the guttural pouch lateral recess, (1) postero-medial wall of the guttural pouch lateral recess, (5) postero-inferior wall of the guttural pouch lateral recess, (6) septum, (7) dorsal wall close to the middle ear, and®exte-nor wall of the guttural pouch medial recess ( Fig.  la-d ). These eight regions are shown on the silicon mold of the entire guttural pouch (Fig. lc, d ) produced in our previous study (Manglai et aL, 2000) . The specimens were carefully excised from each region with a disposable feather (Trimming Blades No. 130 Typec (S), Feather Safety Razor Co., Japan). Each of the specimens was then quartered. Three pieces were examined by light microscopy and one by electron microscopy. The optical specimens were attached to a thick piece of paper to preserve their shape for light microscopy. The specimens were then fixed with 10% neutral buffered formalin, dehydrated in ethanol, and embedded in paraffin. They were cut into 4-pm-thick sections and stained with hematoxylin and eosin and/or PAS reagent and hematoxylin. We prepared photomicrographs of the specimens and made morphological measurements. Control specimens were taken from the mucosa of the nasopharynx and processed in the same manner. For scanning electron microscopy (SEM) and transmission electron microscopy (TEM), the specimens were trimmed into 2-mm squares, washed in an ultrasonic cleaning device (Bransonic B-221; Smithkline Co., U.S.A.), and fixed with 2.5% glutaraldehyde in 0.05 M sodium cacodylate buffer. They were then postfixed with 1% osmium tetroxide and dehydrated in a graded series of ethanol. The specimens for SEM observation were dried at critical point, coated with palladium, and then examined with a S-900 Hitachi scanning electron microscope at 1 kV. The specimens for TEM were embedded in epon (Poly/Bed 812; Poly Science Co., Japan). Ultrathin sections were cut with an ultramicrotome (Ultracut S; Leica Co., Germany), stained with uranyl acetate and lead citrate and/or by the periodic acidthiocarbohydrazide-silver protein-physical development (PA-TCH-SP-PD) method (Takehana et aL, 1994) , and examined with a H-7100 Hitachi transmission electron microscope at 75 kV.
Morphometrical Analysis An electronic digital caliper (Digimatic, CD-15; Mitutoyo Co., Japan) was used to measure the length of the cilia, the thickness of the epithelial layer, and the thickness of lamina propria on the photomicrographs of HE-stained sections. The photomicrographs of the PAS-hematoxylin-stained sections were used to count the number of epithelial and goblet cells to determine the frequency of goblet cells per 200 epithelial cells, and then the length of the cilia, the thickness of lamina propria, and the thickness of epithelial cell layer of guttural pouch were measured.
The figures obtained were analyzed by dispersion, and one-way classification was made for statistical analysis with a risk significance level of P < 0.05 (STASTICA for Windows. 5.1J. statsoft. Inc. Co., U.S.A.) (George et al., 1967).
Results
Histological Findings in the Guttural Pouch Mucosa
The same characteristics were observed in the guttural pouch mucosa in most adults and foals, although there were some underdeveloped regions in the foals. Thus, the following results relate to both adults and foals, unless otherwise specified.
The guttural pouch mucosa consisted of ciliated pseudostratified epithelium with PAS-positive goblet cells (Figs. 2a, 3b -d) . The lamina propria, contained a capillary and PAS-positive glands that connected to the capillary tube. Although the capillary appeared to branch in some parts, it was primarily a single tube. No branches were observed in the glands (Fig. 3e, f) .
Goblet cells were scattered throughout the regions of the guttural pouch. They were especially abundant near the pharyngeal ostium of the auditory tube (Figs. 2a, 3b -d) , but scarce in the postero-superior and postero-medial walls of the guttural pouch lateral recess. The epithelial cell layer was thick in the postero-superior and posteromedial walls, but the lamina propria was relatively thin (Fig. 2b) . The thin lamina propria may contribute to the lesser development of the glands. Well-developed submucosal ganglia and lymph nodules were observed throughout the posteroinferior wall of the guttural pouch lateral recess. The septum of the guttural pouches was covered with thin epithelial cell layers (Fig. 2c) . The submucosal glands were relatively developed. Goblet cells were more prevalent than in any other regions except for the pharyngeal ostium of the auditory tube and the antero-ventral wall of the guttural pouch lateral recess. Cartilages were seen in the submucosa in the superior wall of the guttural pouch lateral recess close to the middle ear. There were scattered goblet cells (Fig. 2d) . A large number of lymph nodules were scattered throughout the mucosa of the exterior wall of the guttural pouch medial recess (Fig. 2e ). Glands were welldeveloped in this region, but only a few goblet cells and thin lamina propria were observed. A significant number of PAS-negative glands was found in the mucosa of the nasopharynx close to the pharyngeal ostium of the auditory tube (Fig. 2f) .
Staining of the glands in the nasal mucosa was clearly different from the glands in other regions of the guttural pouch examined.
Measurement of Guttural.Pouch Mucosa
The measurements revealed no significant difference in the length of the cilia or the thickness of the epithelial layer between the regions. However, marked regional differences were recognized in the frequency of goblet cells (Table 1) . A significant difference was also detected in the thickness of the lamina propria between the regions (Table 1) . It was thick in the wall around the mouth of the guttural pouch lateral recess, but relatively thin in the postero-inferior wall of the recess through which the internal carotid artery coursed (Table 1 ).
Discussion
Our observations revealed the characteristics of ciliated pseudostratified epithelia of the guttural pouch mucosa and the presence of goblet cells among the epithelial cells. The presence of secretory cells, such as goblet cells (Fig. 3c, d) , and the presence of the cilia in the epithelium indicate that the guttural pouch mucosa has foreign substance clearance ability.
The guttural pouch is thought to be an extension of the auditory tube (Freeman, 1991) . Embryologically, the auditory tube is of endodermal origin, the same as the pharynx, and thus the two organs should have a similar mucosal structure. However, our histological study showed an expanded distribution of glands in the nasopharynx, and the staining of the glands was clearly different from that in other regions of the guttural pouch. These findings suggest that secretions from the guttural pouch may be less abundant than from the nasopharynx, and that these secretory products may possess different properties.
The frequency of goblet cells was especially high around the pharyngeal ostium of the auditory tube. The pharyngeal ostium opens and closes as air moves through it, and the above-described histological characteristics of the pharyngeal ostium are thought to prevent the mucosa from being dried by air. Goblet cell frequency was relatively low in the postero-superior and postero-medial walls of the guttural pouch lateral recess, and these regions showed few distinctive characteristics. By contrast, the lamina propria of the postero-inferior wall of the lateral recess possessed well-developed lymph nodules, and lymphocytes were observed among the epithelial cells. This suggests that foreign substances and microorganisms frequently invade this region, and it is inferred that these characteristics account for the antigenic reactions in this region. We also found a high concentration of lymph nod-. ules beneath the postero-inferior wall of the lateral Plate II (9)) Glands were well-developed in this region, whereas only a few goblet cells and thin lamina propria were recognized. A significant number of PAS-negative glands were found in the mucosa. GO: goblet cell; GL: glandular cell (gland); GA: ganglion; CT: cartilage tissue; LN: lymph nodule; arrows: cilia. Table 1 . Mean values and SDa) of the measurement for each parameter in each region Gim, %)
The specimens were collected from nine regions: eight in the guttural pouch mucosa and one in the nasopharynx mucosa. recess and therefore concluded that the immune system is more developed here than in any other region. The measurements showed a significant difference in the frequency of goblet cells (P < 0.001) and in the thickness of the lamina propria (P < 0.05), leading us to conclude that the foreign substance clearance ability of the guttural pouch mucosa varies according to region. A significant difference was also noted between the thickness of the epithelial cell layer in adults and foals (P < 0.05). We attributed this difference to underdeveloped epithelium in the foals.
We concluded that the postero-superior and postero-medial walls of the guttural pouch lateral recess are highly susceptible to invasion by foreign substances.
